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In  a  preliminary note  we  reported  that  ultraviolet light  is  capable  of 
rendering  rabies  virus  non-virulent without  destroying  its  immunizing 
potency (1).  We now describe these experiments in detail. 
Materials and Methods 
Preparation of Virus for Irradiation.--The irradiated vaccines were made from tissue 
culture rabies virus prepared according to the method of Webster and Clow (2), which 
consists essentially of the cultivation of virus in flasks  containing 10 per cent monkey 
serum in Tyrode's solution plus small amounts of minced embryo mouse brain.  This 
culture virus was made ready for irradiation in the following way.  Several flasks of the 
tissue culture virus were pooled and left  standing in the  ice box for 24  hours.  The 
supernatant was  then removed and centrifuged at 500 R.P.M. in the horizontal centri- 
fuge for 5 minutes and the resulting supernatant drawn off and placed in sterile quartz 
flasks  similar to those shown in Text-fig. 1.  A  small amount of  the material, nearly 
water clear, was then removed for titration of virus content by intracerebral inoculation 
of mice with serial  tenfold dilutions.  The virus remaining in the flasks  was then irra- 
diated in the manner described below.  The titre of virus in each cubic centimeter of the 
clear supernatant before irradiation ranged between 0.03 cc. of 10 -2 and 10 -4, or 3,300 
and 330,000 intracerebral lethal doses per cc. for mice.  In most of the experiments the 
virus contained approximately 33,000 lethal doses  per cc. 
Description of Apparatus.  Two sources  of ultraviolet light were used in these ex- 
periments.  The one employed in most of the experiments was a quartz mercury vapor 
lamp operated by direct current (110 V.).  The second was a mercury resonance lamp 
furnished by the Hanovia Chemical Company.  The first lamp emits all the lines of the 
mercury spectrum, while the resonance lamp emits about 90 per cent of the energy as 
the line 2,537 A.  The amount of ultraviolet light produced was roughly estimated by 
a dosometer which consists of a photronic cell and a glass filter which does not permit 
the  passage  of  visible light.  Small variations were controlled by means of  resistance 
coils  through  which  the  amount of current going into  the  lamp was regulated.  The 
quartz flasks in which the virus was irradiated were  made with a long neck in order to 
prevent splashing of virus  onto the  cotton  stoppers.  They  were  plugged with non- 
absorbent cotton  which was  capped  by several layers of  tin foil.  In all  experiments 
the flasks containing the virus were placed at a distance of  18 cm.  from the lamp.  At 
this distance the heat generated by the lamp did not produce a rise of more than 2°C. in 
temperature  of  the virus  suspension which was  being irradiated.  This alteration in 
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temperature  was  not  sufficient to produce  any  demonstrable  lessening of virulence  of 
the virus. 
In the early experiments the virus was shaken  by hand  from time to time to insure 
uniform  exposure  to  the  ultraviolet  light.  In  later  experiments  a  turntable  was  em- 
ployed; it was constructed in such a way that the flasks containing the virus were gently 
oscillated backward  and forward at a  fixed distance from the lamp.  The apparatus  is 
shown in Text-fig. 1. 
TEXT-FIG.  1 
Vaccination.~ll mice were vaccinated by intraperitoneal inoculation.  Each mouse 
received 0.25 cc. of the undiluted irradiated culture virus every other day for six doses, 
or 0.5  cc.  every other day for three  doses,--a  total volume of  1.5  cc.  The irradiated 
virus used for vaccination was  tested for virulence by intracerebral  inoculation of 0.03 
cc. into each of eight or ten mice.  The irradiated vaccine was considered non-virulent 
only if all the injected mice remained well. 
Test for Immunity.--The  immunity  of the vaccinated  mice was  measured  3  weeks 
after administration  of the last dose of irradiated  rabies  culture virus.  The test virus 
was a  strain of fixed rabies virus which had been passaged more than fifty times through 
mice,  Virus  suspensions  were  prepared  in  the  following  manner:  The  brain  of  a  3 
weeks  old  mouse  prostrate  following intracerebral  injection  with  rabies  virus  was  re- H.  L.  HODES,  L.  T.  WEBSTER~  AND  G.  I.  LAVIN  439 
moved under sterile conditions and ground in a mortar.  The emulsion of brain tissue 
was then diluted with ten times its weight of hormone broth.  Mter thorough mixing, 
the suspension was centrifuged at 1,000 R.P.M. for 5 minutes and the supernatant made 
up in serial tenfold dilutions in broth.  In some of the experiments the mice vaccinated 
with non-virulent irradiated tissue culture virus were tested by intracerebral inoculation, 
while in others the test dose of the fixed virus was administered intramuscularly (3). 
The test virus was invariably titrated simultaneously  by intracerebral or intramuscular 
inoculation into normal mice of exactly the same age as that of the vaccinated mice. 
The minimal lethal dose of the virus was considered to be the smallest amount which 
killed more than 50 per cent of the unvaccinated controls. 
Mice.--All mice employed  were of the selected W-Swiss strain (3) and between 4 and 
6 weeks of age at the beginning of the experiment.  These  mice are uniformly suscep- 
tible to rabies virus.  Control  and vaccinated mice were kept under the same conditions 
and were given the same food and care. 
EXPEI~ I~NTAL 
Factors Influencing Action of Ultraviolet Light.--When the tissue culture 
virus  in  a  quartz  flask was  exposed  to  the  mercury vapor  or  mercury 
resonance lamp,  its virulence gradually diminished until it became  com- 
pletely innocuous to mice (Table I). 
It should be pointed out that the lamps employed give  out visible  as 
well as ultraviolet light.  The shorter wave-lengths in the ultraviolet zone 
are probably responsible for the change in the virus (Table I).  When the 
conditions are kept constant, the amount of exposure required to destroy 
completely the virulence of the virus is quite uniform.  Some factors which 
influence the amount of exposure needed are the turbidity of the solution, 
the amount of shaking of the virus, the kind of lamp employed, and the 
distance of the material from the source of irradiation.  Table  II shows 
that when the mercury vapor lamp was used, exposure of the virus in a 
quartz flask for more than 45 minutes produced complete loss of virulence. 
Exposure for more than 4 minutes to the mercury resonance lamp gave the 
same  effect.  Furthermore,  the  virus  was  apparently protected  at  least 
in part against the action of the lamp by the presence of organic materials. 
In Experiment 3  (Table II), the virus suspension was not cleared by sedi- 
mentation and centrifugation and consequently was not destroyed by an 
exposure of 60 minutes. 
Immunity Induced by Vaccination with Non-Virulent Irradiated 
Culture Virus 
Nine experiments were run in which the immunizing effect of non-viru- 
lent irradiated vaccine was measured by intracerebral inoculation of vac- 
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TABLE  I 
Effect of Exposure to Ultraviolet Light upon Virulence of Tissue Culture Rabies Virus 
Time of irradiation of virus 
(mercury vapor lamp), 
None ................................ 
30 rain. in quartz flask ................. 
45  "  "  "  " 
60  "  "  "  "  ................ 
120  "  "  glass  "  ................. 
Fate of mice inoculated intracerebrally 
with rabies virus in dilutions 
Undiluted  1:10  1:100  1:1,000  :  1:10,000 
N/S*  /  °/s  I  -  I  -  I  - 
°/s  /  °/s  I  -  [  -  I  - 
°/5  /  °/s  I  -  I  -  I  - 
3/3  ]  3/3  [3/3  [2/3:  t  -- 
*  2/5  =  2  of 5  injected  mice  died  of rabies. 
TABLE  II 
Effect of Exposure to  Ultraviolet  Light  upon  Virulence  of Tissue  Culture Rabies  Virus 
(Each  mouse  inoculated  intracerebraUy  with  0.03 cc. of undiluted  irradiated  virus) 
I 
i75 
i 
i_ 
i 
019 
i 
I--  I 
i 
i 
1  i-- 
i 
90  120 
0/1c )/t0 
0/5  )/5 
o/5 
* 0/7  =  none of 7  mice injected died of rabies. 
Table  III  shows  the  result  of one  such  experiment.  The  intracerebral 
titre  of  the  test  virus  in  the  unvaccinated  mice  was  0.03  cc.  of  the  10  -6 
dilution,  as contrasted  with 0.03  cc.  of the  10  -4 dilution  in  the  mice vac- H.  L.  HODES,  L.  T.  WEBSTER,  AND  G.  I.  LAVIN  441 
cinated with virus exposed 50 and 45 minutes to the lamp,--a one hundred- 
fold difference.  This difference may he expressed in units of resistance if 
one unit is taken as the greatest amount of virus withstood by 51 per cent 
or  more  of  the  controls,--in  this  case,  the  10  -7  dilution.  Since  the  vac- 
cinated groups each withstood this dilution plus the  10  -6 and 10  -~, but not 
the  10  -4 dilution, they may be said to have showed 100 units of resistance. 
In  all  nine  experiments,  differences in  titre  of  test  virus  in  vaccinated 
and unvaccinated mice were never less than  tenfold and were usually one 
TABLE  III 
Immunizing Potency of Non-Virulent Irradiated Culture Virus 
Treatment of culture virus 
used as vaccine 
Exposed  45  min.  to 
mercury vapor lamp 
Exposed 50 rain. to mer- 
cury vapor lamp 
Virulence of 
irradiated culture 
virus used as 
vaccine 
None (0/8?) 
None (0/10) 
Fate of mice  following  intracerebral  immunity 
test with fixed  rabies virus 
Mice 
Vaccinated:~ 
Vaccinated 
Unvaccinated 
controls 
Dilution of test virus 
injected intrscerebrally 
10-4  10-6  10"6  10"¢ 
2/3§  0/4  0/4  0/3 
I/4  1/4  0/4  0/3 
4/4  4/4  4/4  1/4 
Protection 
afforded by 
vaccination 
(units of 
resistance)' 
100 
100 
1 
* One unit of resistance is taken as the greatest amount of virus withstood by S1 per 
cent or more of controls. 
t None of 8 mice injected intracerebraUy with undiluted irradiated culture virus died 
of rabies. 
:~ Each  mouse vaccinated by intraperitoneal inoculation of 0.25  cc.  of undiluted 
irradiated virus daily for 6 doses. 
§ 2 of 3 mice injected intracerebrally with fixed virus died of rabies. 
hundred- to one thousandfold,--that is,  the vaccinated mice showed  10 to 
1,000 units of resistance as compared to non-vaccinated mice. 
Four experiments were run in which the immunizing effect of non-virulent 
irradiated vaccine was  measured by the intramuscular inoculation of vac- 
cinated mice with 0.01 cc. of test virus in graded dilutions (3). 
Table IV shows the result of one of these experiments.  In  one test the 
titre of virus in the unvaccinated mice was 0.01 cc. of 1 : 320 or less, as con- 
trasted with less  than  1:10 in the  vaccinated mice,--more than  a  32-fold 
difference.  In the other test the titre of virus in the unvaccinated mice was 
0.01 cc. of 1 : 160 or less, as contrasted with 1 : 10 or more in the vaccinated 
mice,--at least a  sixteenfold difference.  The vaccinated mice may be said 
to show at least 64 units of resistance in the first test and 16 units of resist- 
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Similar results were  obtained in  the  remaining three  experiments. 
Effect  of Prolonged Irradiation  on  Immunizing  Capacity  of Vaccine.- 
Incomplete data suggest that prolonged irradiation destroys not only the 
virulence but also the immunizing potency of rabies virus. 
Effect of Small Amounts of Virulent  Virus on the Immunizing Potency of 
Irradiated  Vaccine.--In an occasional experiment not reported in the above 
series,  one to three of the eight or ten mice injected intracerebrally with 
TABLE  IV 
Immunizing Potency of Non-Virulent Irradiated Culture Virus 
Treatment of culture virus 
used as vaccine 
Exposed  35  min.  to 
mercury vapor lamp 
Exposed 6 min. to mercury 
resonance lamp 
'irulen( 
f irrad 
ted cu: 
ire virl 
~ed as 
vaccine 
0/10 
Fate of mice followin~ intrs.muscular test wit il  xed 
raoles virus 
Mice 
1:10 
Vaccinated:~  ~~ 
Unvaccinated  -- 
controls 
Vaccinated 
Unvaccinated 
controls 
Dilution of test virus injected 
intramuscularly 
1:20  1:40  1:80  1:161  :320 
--  -  -- 
s/5  t/4  314  3/4  ~/4: 
o/s  ~/s [o/s o/s 
5/5  i/5  5/5  4/5 
Protection 
afforded 
by vacci- 
nation 
(units of 
resist- 
ance) * 
64 
16 
* One unit of resistance is taken as the greatest amount of virus withstood by 51 per 
cent or more of controls. 
t 0/10  =  none of 10 mice injected intracerebrally with undiluted irradiated culture 
virus died of rabies. 
Each mouse vaccinated by intraperitoneal inoculation of 0.5 cc. of undiluted ir- 
radiated virus daily for 3 doses. 
§ 0/12  =  none of 12 mice inoculated intramuscularly with test dose of fixed virus 
died of rabies. 
irradiated vaccine died of rabies, showing that the exposure to ultraviolet 
light had not been quite sufficient to destroy all virulent virus.  In no case, 
however, did as many as 50 per cent of the test animals succumb.  Hence, 
in no case was as much as 1 •.L.9.  of virulent virus present in the irradiated 
vaccine.  The important point, however, is that these vaccines containing 
a trace of virulent virus showed no greater immunizing potency than com- 
pletely avirulent preparations tested simultaneously. 
DISCUSSION 
There  is  general  agreement that  virulent rabies  virus  administered to 
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test infection (3, 4).  It is thought by many observers, however, that pro- 
phylactic vaccination of a dog population with virulent vaccine is dangerous 
both in theory and in practice.  Consequently efforts have been made to 
devise an effective yet harmless vaccine.  Some experiments in this field 
by other workers have been reviewed (4). 
Recently a modified rabies virus grown in tissue culture was reported by 
us as immunizing both mice and dogs and yet proving harmless in a number 
of  tests.  The  titre  of  test  virus  given  intracerebrally  to  unvaccinated 
dogs was 1 cc. of the 10  -5 dilution, as contrasted with 1 cc. of the 10  -4 dilu- 
tion in vaccinated dogs,--a tenfold difference (5).  Moreover, the culture 
virus has proved harmless to a total of more than 75 dogs, some of which 
received as much as 400 cc.  A modified chick culture virus has now been 
reported as immunizing rabbits successfully and without harm (6). 
In  our  opinion, however, no virulent vaccine,  whether containing  un- 
modified or modified virus, should be considered for mass vaccination until 
all  efforts to produce a  completely non-virulent preparation have  failed. 
The potentially harmful consequences of purposely injecting live virus into 
a  dog population cannot be assessed in the laboratory except to state that 
variations in virus disease-produclng potentialities, particularly the chang- 
ing of laboratory-induced variants back to natural types,--fLxed to street 
rabies virus and neurotropic to viscerotropic yellow fever virus,--are not 
unknown. 
Attention has been concentrated, therefore, on the problem of producing 
an effective yet avirulent vaccine.  Methods of assay have been developed 
and  commercial  vaccines  tested  with  generally  disappointing  results. 
Chloroformized  preparations  alone  gave  consistently  suggestive  results 
both in mice and dogs, but they are laborious to prepare and test and irrita- 
tive to the vaccinated animals (3,  7). 
Ultraviolet light has  been  shown by  others  (8)  to  render  neurotropic 
viruses, including rabies, avirulent with accompanying loss of immunizing 
potency but our tests are the first to showthat by proper exposure of virus to 
ultraviolet light virulence  may be destroyed and immunizing  potency  retained. 
The present experiments point out that ultraviolet light may be used as a 
readily controllable agent to render virus non-virulent without destroying 
its immunizing capacity.  Whether such a  vaccine is superior to chloro- 
formized vaccine  and  whether it  immunizes dogs in  practical  doses are 
points which are now under investigation. 
The  question of whether the irradiated virus owes its immunizing po- 
tency to undetected remnants of virulent virus, cannot be answered beyond 
stating that  vaccines containing some but less  than  1 ~t.LD. of virulent ~  ULTRAVIOLET  LIGHT AND NON-VIRULENT ANTIRABIES VACCINE 
virus  immunize  no  more  effectively  than  those  containing  no  detectable 
virulent  virus, and that if virulent virus alone is employed as a  vaccine, at 
least  160 to 1,600 X~.L.D. are required to produce a  demonstrable  immunity 
(3,  9). 
CONCLUSIONS 
Rabies virus, exposed to the rays of a mercury vapor lamp under proper 
conditions,  loses virulence yet retains  considerable immunizing  potency for 
mice. 
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